blood transfusion rates and the incidence of perioperative complications. Conclusions: Open and robot-assisted radical prostatectomy had comparable complication rates. With better patient-and tumor-related parameters as well as decreasing transfusion rates in the robot-assisted subgroup, this observation might reflect the learning curves of the involved robotic surgeons.
Patients and Methods
Between January 1st, 2006, and June 4th, 2012, 2,754 men underwent radical prostatectomy at our department. Among them, 317 received robot-assisted and 2,438 open surgery. All robot-assisted procedures were performed with the 3-arm da Vinci robotic device. Open surgery was performed with one exception (perineal incision) via the retropubic approach. Demographic data are given in table 1 . The mean PSA in patients without neoadjuvant hormonal treatment was 9.4 ng/ml. 71% of patients had organ confined node-negative disease. In patients who underwent pelvic lymph node dissection, the mean number of retrieved lymph nodes was 15. During radical prostatectomy, the dorsal vain complex was transected and sutured afterwards. In the case of nerve sparing, coagulation of the nerve bundles was avoided.
During the recruitment period of this study, 3 of the 7 involved surgeons performed their 100th radical prostatectomy, the other 4 had already greater experience at the beginning of recruitment. After receiving the certificate at a prostate cancer center in December 2007, all radical prostatectomies were performed by surgeons with an experience of more than 100 radical prostatectomies or under surveillance of a surgeon with an experience of more than 100 such procedures. In the time period in question, the latter fitted to one surgeon. At our department, the da Vinci robotic device (Intuitive Surgical Systems, Inc.) was introduced in March 2006. Robot-assisted surgery was offered to patients in good general condition with appropriately favorable tumor parameters without, however, using strictly defined thresholds. Open retropubic radical prostatectomy remained the standard procedure. During the recruitment period of this study, 5 surgeons performed both open and robot-assisted radical prostatectomy whereas three performed only open radical prostatectomy. The complication database was built up for quality assurance purposes. It was used to document the complication rates according to the requirements for prostate cancer centers certified by the Deutsche Krebsgesellschaft (German Cancer Society). Complications were identified by chart review by a documentation assistant who undertook this review after initial instruction and surveillance by an urologist. The following categories were recorded: length of stay, homologous blood transfusions, lymphocele, lymphocele requiring treatment, deep vein thrombosis, lung embolus, wound infection, relaparotomy or secondary suture, acute myocardial infarction, death within 30 days after surgery. Comparisons of were made with the chi square or Fisher exact test. The distributions of quantitative variables were compared with U tests. The statistical analyses were performed with the Statistical Analysis Systems (SAS Institute, Cary, N.C., USA) statistical package.
Results
The demographic data differed between the two surgical techniques with patients selected for robot-assisted radical prostatectomy having had the better clinical and tumor-related parameters ( table 1 ) . Patients selected for robot-assisted surgery had lower PSA values, were younger and healthier (less patients were classified as American Society of Anesthesiologists physical status class 3). If lymph node dissection was performed, the mean number of retrieved nodes was something higher in patients who underwent open surgery ( table 1 ). The comparison of the lengths of stay, transfusion and complication rates are given in table 2 . Two deaths within 30 days after surgery occurred, one after a postoperative acute myocardial infarction, the other suddenly after al- 314 ready being discharged from the hospital. There were no significant differences between open and robot-assisted surgery in this study concerning these parameters. The only category with something like a trend towards a difference was overall lymphocele formation rate, where robot-assisted surgery was associated with a marginally higher rate.
Discussion
With the exception of the autologous blood transfusion rates -that have been reported to be lower in patients undergoing robot-assisted radical prostatectomy [4] but did not differ between the two surgical techniques in this series -this study confirms the results of the recently published meta-analysis that showed comparable complication rates of open and robot-assisted radical prostatectomy [4] . The incidence of lymphocele formation after radical prostatectomy differs widely according to different surgical techniques and diagnostic effort. Performing or not performing lymph node dissection is probably the most important predictor of lymphocele formation [5] . The extent of lymph node dissection is another risk factor with higher incidences after more extensive dissection [6] . In the current study, with 15 (open) and 13 (robotassisted) procedures, the lymph node yield was higher than in comparable studies [5, 7] , suggesting an increased risk of lymphocele development. The diagnostic effort made to detect lymphoceles is another important factor that should be taken into consideration. In one study, the lymphocele formation rate was prospectively assessed by pelvic computed tomography after robot-assisted lymph node dissection and radical prostatectomy [7] . In this study, the incidence of lymphoceles was reported to be 51% [7] . In contrast, in one robot-assisted radical prostatectomy study, lymph node dissection was omitted in low risk patients; therefore, the lymph node dissection rate was only 44% [8] . In the cited study [8] , 95% of patients were discharged on day 1 and no routine lymphocele screening regimen has been described. Together with the high degree of specialization of the involved surgeon and with recording only symptomatic cases, these facts might have contributed to an extraordinarily low reported rate of 0.36% symptomatic lymphoceles [8, 9] . In the current study, lymph node dissection was performed in the vast majority of cases ( table 1 ) . Furthermore, according to the recommendations of the German S3 guidelines on diagnostic and treatment of prostate cancer [10] , sonographic lymphocele screening was performed. In the case of detection of significant lymphoceles, duplex ultrasound of pelvic vessels was usually obtained and in cases of vein compression or thrombosis, ultrasound-guided drainage and/or surgical fenestration of the lymphoceles were performed. Considering this facts, it is not surprising that the lymphocele rate in this study was in between of the two above-mentioned extreme values [7, 8] . The blood transfusion rates have been reported to be lower in robot-assisted radical prostatectomy than observed in this study [4, 8] . The relatively high autologous blood transfusion rate after robot-assisted radical prostatectomy in this series was unequivocally attributable to the learning curve of the five involved surgeons who all had no robotic surgical experience other than training in the animal model prior to the start of the program in March 2006. Other surgeons reported similarly high rates during the initial learning curve of robot-assisted radical prostatectomy [11] .
During the last 200 robot-assisted procedures, the transfusion rate was only 5% and it fell to 3% during the last 100 cases. Compared with the estimated complication rates reported in the guidelines of the European Association of Urology [1] , the rates seen in this series ( table 2 ) were within the expected ranges with the exception of a slightly higher rates of lymphoceles that required treatment. This discrepancy may be explained by the above discussed relatively rigorous lymphocele screening and treatment regimen used at our department, the high rate of lymph node dissection and the relatively high number of removed lymph nodes. This study has several limitations. Compared with other studies, the proportion of robot-assisted procedures was relatively small. Therefore, it remains unknown to which degree greater experience and super-specialization would further decrease the complication rates of robot-assisted surgery. The involvement of several surgeons with individual differences in technique and skills may render the demonstration of differences more difficult. Although partially subdivided by the degree of severity, the complications recorded in this database have not been graded according the Clavien-Dindo grading system for the classification of surgical complications [12] that recently gained increasing acceptance in the urological community during recent times [13] . The recording of complications based on chart review by a documentation assistant might have been associated with misclassification or missing of some complications. If it really exists, this problem would, however, affect the open and robot-assisted cohorts at the same degree and it is unlikely that it influenced the results meaningfully.
Conclusion
Between open and robot-assisted radical prostatectomy, there were no detectable differences in the incidence of perioperative complications in this study. Since the patient-and tumor-related parameters were more favorable in the robot-assisted subgroup and the transfusion rates fell in the most recent robotic cases, the lack of differences may reflect the learning curves of the robotic surgeons involved in this study.
